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A un capitán de navío
Sobre tu nave - un plinto verde de algas marinas,
de moluscos, de conchas, de esmeralda estelar,
capitán de los vientos y de las golondrinas,
fuiste condecorado por un golpe de mar.
Por ti los litorales de frentes serpentinas
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dinos los radiogramas de tu Estrella Polar.
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limón del mediodía, bandera de la corte
espumosa del agua, cazador de sirenas;
todos los litorales amarrados del mundo,
pedimos que nos lleves en el surco profundo
de tu nave, a la mar, rotas nuestras cadenas.
Rafael Alberti, Marinero en tierra (1924)
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Marine photosynthetic picoeukaryotes or PPEs, single-celled algae from 0.8 to 3 µm in size, 
are major contributors to phytoplankton biomass and primary production in marine systems and 
form diverse communities dominated by prymnesiophytes, chlorophytes, pelagophytes, and 
chrysophytes. Due to their ecological relevance it is important to characterize PPE community 
structure over temporal and spatial scales and to identify the environmental factors shaping 






GENERAL ASPECTS OF THE MARINE PHYTOPLANKTON
The ocean is the biggest biome on Earth covering about 70% of its surface, and is central in many 
processes with fundamental ecological and socioeconomic importance. Major biogeochemical 
pathways shaping Earths atmosphere occur in its sunlit surface layer, and it is also in this region 
where major marine food webs originate. In this layer, also called the photic zone (from surface 
to approximately 200 m depth), the majority of life forms are planktonic microbes, most of them 
single-celled prokaryotic and eukaryotic (generally referred as protists) organisms. Among these 
microbes, the marine phytoplankton forms a complex assemblage of photosynthetic unicells that 
drift in the water column and are responsible for about half of primary production on Earth (Field 
et al., 1998; Falkowski and Raven, 2007). This functional group is composed of prokaryotic 
organisms from the phylum Cyanobacteria, mostly Prochlorococcus and Synechococcus, and a 
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General Introduction
Planktonic microbes are operationally categorized into three logarithmic size classes: picoplankton 




control their biomass and activity and therefore deserve a careful ecological inspection. Two of 
these types that are particularly relevant in the context of this thesis are developed next.
Picoautotrophic cells, also named picophytoplankton, are important contributors to total 
phytoplankton carbon biomass and primary production and constitute the oceans veil above 












The use of universal 18S rDNA gene primers targeting both phototrophs and heterotrophs has been 
extremely useful, but may also prevent to characterize adequately the diversity of the phototrophic 
component since for this purpose an extensive screening of clone libraries is required. Subsequent 
General Introduction
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TOOLS FOR EVALUATING COMMUNITY STRUCTURE





PHOTOSYNTHETIC PICOEUKARYOTES IN THE OCEANS: SPATIAL SCALES OF 
VARIABILITY
The mentioned tools for evaluating PPEs community structure have been applied in surveys 
that have tracked the water column at different depths in oceanic regions with different trophic, 
temperature and salinity gradients. Combining the data obtained, the general consensus is that 
prymnesiophytes, chrysophytes and pelagophytes dominate in oligotrophic open ocean systems 
with minor contribution of chlorophytes, mostly mamiellophytes and new prasinophyte clades 
(Figure 9). On the other hand, coastal and nutrient rich systems contain the same PPE groups 
but in that areas mamiellophytes can dominate numerically, particularly in certain periods of 
the seasonal cycle that establishes in temperate regions (Not et al
26
General Introduction
One of the hardest challenges in microbial ecology at this point is to sample the vast environment 
that represents the worlds oceans at ecologically relevant scales. The vertical scale is a very 





Figure 11. (A) Cruise itinerary of the MALASPINA 2010 expedition including the tracks from the 
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In this thesis we have focused on the study of marine photosynthetic picoeukaryotes (PPEs) with 
the general aim of determining the abundance and distribution of their main components at different 
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Aims and outline of the thesis
The mentioned thesis outline can be summarized under the umbrella of three major objectives and 














Photo-picoeukaryotes community structure in the DCM
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was higher in the Galicia Bank than in the Avilés canyon region. In the Avilés canyon region the 
thermocline started near the surface and had the strongest gradient between 40 and 60 m. In the 
Galicia region the thermocline was found between 40 and 70 m, with a clear surface mixed layer. 
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Figure 4. Schematic representation of the vertical distribution of target 
groups (C: Chlorophytes; Pe: Pelagophytes; Pr: Prymnesiophytes) at 
each station. Box plots delimit percentages of cells above and below given 
depths (50% as thick line; 25 and 75% in the box; the whole sampling 
range as whiskers). Dashed lines indicate the DCM depth at each station.
Looking in detail at the vertical distribution of these groups in Galicia stations, it was very apparent 
the existence of two chlorophyte peaks placed 10 m above and below the DCM depth. Pelagophytes 
and prymnesiophytes peaked closer to the DCM depth but at sampling depths separated 4 m. In 
Avilés stations, there seemed to be two chlorophyte peaks as well, but they were closer and less 
pronounced and decoupled peaks for the three groups were not so obvious. Moreover, a common 
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Figure 6. Relative contributions in abundance (A) and biomass (B) of size classes within each target group averag
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48
Discussion


































































































































































































